The aim of this article is to test and to improve existing models combining rheological data with the molecular weight distribution (MWD). This process of testing and improving was separated into two distinct steps: First, the mixing behavior of the relaxation modulus obtained from a polymer blend was investigated and compared with the proposed mixing behavior derived from the linear and the quadratic mixing rules with a mixing parameter equal to 1 and 2. Second, for the rst time, kernel functions weighted with the MWD are estimated directly from experimental data and compared to the weighted kernel functions published in the literature. This procedure was performed with polystyrene blends comElectronic mail: dima@fmf.uni-freiburg.de y Electronic mail: chf@fmf.uni-freiburg.de 1 posed of two monodisperse polymers with narrow MWD determined using size exclusion chromotography (SEC). It was shown, that the existing mixing rules are not able to adequately describe the mixing behavior of the polystyrene blends. An improved mixing rule was derived with of 3:84. Furthermore, only for the improved model, a kernel function exists which is able to describe the experimental data over a wide molecular range. It is shown how improved estimates of the MWD of a polymer can be determined using the new model.
I. INTRODUCTION
In order to understand how the molecular weight distribution (MWD) a ects the viscoelastic properties of polymers, \homopolymerblends" have been utilized as model systems. These model systems are composed mostly of two monodisperse polymers. These monodisperse components have the same chemical nature but di erent molecular weights. Agarwal (1979) , Mills (1969) , and Braun et al. (1996) show, that with these binary mixtures, it is possible to investigate the in uence of polydispersity on various material parameters, such as the zero-shear-viscosity 0 or the terminal relaxation time 0 .
The dependence of these material parameters or such measures on the molecular weight structure of a mixture determines the mixing behavior which is formulated in terms of a mixing rule.
From a molecular point of view, mixtures are characterized by their MWD w(M) whereas the material function is often taken to be the relaxation modulus G(t). The corresponding standard mixing rules de ne the hypothesized relationship between them. Two such mixing rules have been proposed in literature. Doi and Edwards (1986) introduce the \linear mixing rule", whereas des Cloizeaux (1988) and Tsenoglou (1987) formulate the \quadratic mixing rule". For the linear mixing rule, the relaxation modulus of the mixture is given by the linear superposition of the relaxation moduli of the components. For the quadratic mixing rule, one must sum up the squareroots of the weighted relaxation moduli of the components to obtain the squareroot of the relaxation modulus of the mixture.
These two mixing rules can be derived theoretically. The \reptation model" introduced by Doi and Edwards (1986) yields the linear mixing rule. The quadratic mixing rule was obtained by des Cloizeaux (1988) and Tsenoglou (1987) and further discussed by Milner (1996) . Des Cloizeaux derived it by utilizing the \double reptation" concept whereas Tsenoglou examined entanglements concept.
The linear and the quadratic mixing rule can be formulated as special cases of the following more general parametric mixing rule: (1)
In eq. (1), F(t; M) is the kernel function, describing the relaxation behavior of a molecular weight fraction with a molecular weight M, and is a parameter which characterizes the mixing behavior. M e is the entanglement molecular weight and G 0 N the plateau modulus. The following kernel functions have been proposed in literature: the Tuminello step function Tuminello (1986) ], the single exponential Tsenoglou (1991) ], the Doi Doi (1986) ], the BSW (Baumgaertel, Schausberger, Winter) Baumgaertel et al. (1990) ] and the Des Cloizeaux Des Cloizeaux (1990) ] kernel. They depend typically on parameters (e.g. the terminal relaxation time 0 or the zero-shearviscosity 0 ) which must be estimated from appropriate data.
The possible values of known from the literature are = 1 (linear mixing rule), = 2 (quadratic mixing rule), or a value between 1 and 2 which describes a more general combination of these two mixing rules as introduced by Anderssen and Mead (1997) . Mixing rules which correspond to = 1 or 2 will be called conventional mixing rules. If, additionally, one of these conventional mixing rules is combined with one of the above kernel functions, the combination will be called a conventional model. In addition, Anderssen and Mead (1997) have shown, that the molecular weight scaling is independent of , which in many ways justi es the parametric model of eq. (1).
Considerations made by Malkin and Teishev (1991) as well as by Nobile et al. (1996) about the mixing behavior of the viscosity function ( _ ), in which _ is the shear rate, yield a similar rule for the determination of the MWD.
For the model of eq. (1), the kernel function and the value of must be known before the MWD w(M) of a polymer can be calculated from its relaxation modulus G(t). It is possible to measure the relaxation modulus G(t) directly in a step shear experiment. But, in this case, there are technical limitations for short and long times. Therefore, one may calculate G(t) from the relaxation time spectrum derived from the measurement of the dynamic moduli G 0 (!) and G 00 (!). This is the typical procedure nowadays. For the determination of the MWD from the relaxation modulus G(t), eq. (1) must be solved for w(M) which is equivalent to an inversion of a rst kind Fredholm integral equation.
Up to now, there exists in principal three di erent methods for the inversion of such an integral equation for the MWD: First, the non-parametric determination of the MWD with a regularization method, as proposed by Wasserman and Graessley (1992) and by Wasserman (1995) . A second, often used method, is a parametric one, in which a parametric form of the MWD must be assumed. This kind of inverse problem was examined by Nobile et al. (1996) as well as by Mead (1994) . The parameters are determined by tting this model to the experimental data. Finally, computational stabilization can be achieved by simply computing the moments of the MWD with the so called cumulant method Mead (1994) ]. This approach has been formalized by Anderssen et. al (1997) .
In general, the results of these procedures can be summarized as follows: unimodal MWDs can be reconstructed relatively easily, but in most cases bimodal MWDs give problems. This may result from the use of an inappropriate model, which is not in quantitative agreement with the mixing behavior of the homopolymers.
Therefore, it is the aim of this work to evaluate the model given by eq. (1). In order to do this, a more general parametric mixing rule, in which in eq. (1) is introduced as a parameter to be determined from appropriate data: By tting this model to the measured data, an optimal value of can be estimated. The procedure presented below yields also, for the rst time, an approximate estimate of the kernel function from the measured G(t) of bimodal mixtures. With this procedure, a generalized model is obtained, which is compared with the conventional models.
The MWDs obtained by the conventional model and the generalized model based on rheological experiments, are compared to direct measurements of the MWD obtained by size exclusion chromotography (SEC).
In the following section, the experimental details are presented about the preparation of the bimodale mixtures of PS. Then, the dynamic moduli of these mixtures were measured. From these dynamic moduli, the relaxation time spectra were estimated to calculate their relaxation moduli. The values of these relaxation moduli were then utilized (in Sec. IV) to assess the conventional mixing rules, to obtain an improved mixing rule, and to estimate the kernel functions weighted with the MWD. These estimated weighted kernel functions were compared with the weighted kernel functions published in the literature (Sec. V). In Sec. VI, the coventional models ( = 1 and = 2 with an appropriate kernel function) are compared with the improved model. In Sec. VII, the results are summarized and conclusions are presented.
II. EXPERIMENTS A. Materials
The narrow distributed polystyrene samples used in this study were prepared by anionic polymerization at low temperatures (?78 0 C) using tetrahy-5 drofuran (THF) as the solvent, sec-buthylithium as the initiator, and 4,5-methylenephenantrene as the indicator. Details of the synthesis are given in S anger et al. (1996) . The samples were then precipitated, puri ed with methanol, and dried in vacuo at 60 0 C till they had reached constant weight.
B. Characterization
The MWD w(M), normed by
the molecular mass M w , and the polydispersity P = M w =M n , satisfy
They were determined by SEC, using toluene as the solvent. SEC was calibrated with PS which has a narrow MWD. The ow rate of the solvent was determined in the range 1:003 { 1:007 ml=min before each SEC-measurement. The molecular masses M w of PS varied between 56000 g=mol and 643000 g=mol. Additionally, the number average molecular weights M n were determined from osmotic pressure measurements by the gonotec membrane Osmomant 090 osmometer in THF as the solvent at 25 0 C for the low molecular weight PS.
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The molecular weights M w and polydispersity P of ve narrowly distributed polystyrene samples are listed in Table I . Furthermore, Fig. 1 shows the MWD of these samples determined by SEC. The samples are abbreviated in the following with the titles PS56, PS60, PS177, PS250, and PS643. For PS56, a small high molecular component was detected. 
C. Mixtures
Three series of bimodal polystyrene mixtures were made by solution blending. The low and high molecular weight polystyrene component were solved in THF at room temperature. After stirring for 2 hours, the polstyrene solutions were precipitated in methanol. The obtained polystyrene blends were dried in a vacuo oven at 60 0 C till they had reached a constant weight. The mixtures were produced, so that the molecular weight ratios M w LM =M w HM di ered among the three series. The indices LM and HM stand for \low molecular" and \high molecular". The molecular weight ratios were approximately 1=3 (for the rst series) 1=5 (for the second series), and 1=11 (for the third series):
1. In the rst series, mixtures are prepared which consist of PS60 and PS177 with 10%, 20%, 40%, 60%, and 80% of the high molecular polymer (P S177).
2. In the second series, mixtures are prepared which consist of PS56 and PS250 with 10%, 30%, 50%, and 70% of the high molecular polymer (P S250).
3. In the third series, mixtures are prepared which consist of PS60 and PS643 with 20%, 40%, 60%, and 80% of the high molecular polymer (P S643).
D. Rheological measurements
For the rheological experiments, each sample of the PS mixtures was dried under vacuum at 60 0 C for several days. The samples were then cold compressed and annealed for 30 min at 190 0 in vacuum and compression molded to form small disks of 25 mm diameter and thickness of about 1 mm.
The rheological behavior was studied using dynamic oscillatory tests in a Rheometrics Mechanical Spectrometer RMS 800 with parallel plates of 25 mm diameter. The angular frequency ! varied from 10 ?2 to 10 2 rad=s and the temperature range was changed in steps of 10 0 C from 240 0 C to 130 0 C depending on the molecular weight. All samples were investigated under nitrogen atmosphere in order to prevent thermooxidative degradation. The isotherms were shifted to obtain mastercurves at a reference temperature of T 0 = 170 0 C using the program LSSHIFT generated by . The mastercurves of the rst mixture series (P S60=PS177) are shown in Fig. 2 .
E. Determination of Material Parameters
In the high frequency range (a T ! ! r 10 2 rad=s), all mastercurves merge nearly into one curve independent of the composition. In this region the function G 0 reaches the plateau modulus G 0 N of 2 10 5 Pa, determined by the tan criterion (see Fig. 2 horizontal line), a value which is well known Ferry (1980) ].
The steady-state compliance J Furthermore, the entanglement molecular weight M e was estimated using Ferry (1980) 
in which R is the universal gas constant (8:314 J=molK), T the temperature at which G 0 N is measured, and the density of the sample at this temperature T. For the PS-samples, a value of M e of 18000 g=mol was obtained.
The terminal relaxation time 0 is a very important material parameter. It can be estimated from the relaxation time spectrum calculated with the program NLREG Weese (1993) ]. In order to determine 0 , one must choose the largest time for which the relaxation time spectrum possess a local maximum.
The dependence of 0 on the molecular weight M w obeys the well known scaling law as can be seen in Fuchs et al. (1996) :
in which M 0 is the unique molecular weight of 1 g=mol. In order to determine the parameters K and a, the terminal relaxation time of the ve monodisperse samples listed in Table I was estimated. To obtain a better estimation of a and K, three additional samples which were not included in the mixing experiments were investigated. The resulting values were a = 3:67 and K = 6:919 10 ?20 s (see Fig. 3 ).
III. DATA ANALYSIS OF BINARY MIX-TURES
The MWDs of the polymer mixtures under investigation are superpositions of two monodisperse polymers. Therefore, the MWD of the blend can expressed as
in which w HM is the MWD of the polymer with the high molecular weight, w LM is the MWD of the polymer with the low molecular weight, and x is the weight fraction of the high molecular polymer in the bimodal mixture. Substitution of eq. (7) into eq. (1) yields the following model for the -th root of the normalized relaxation modulus G x (t)=G 0 N , in which G x (t) makes explicit the dependence of the relaxation modulus G(t) on the component x:
and y(x; ; t) = 
The weighted kernel function < F 1= > w ( ; t) will depend on the choice of the kernel F(t; M), the parameter , and the given MWD w(M).
It follows from eq. (8) that, for a xed and a speci c time t 0 , y(x; ; t) will be a linear function of the component x. This fact can be used to test and improve the formulation of the mixing rules. As a test, the model of eq. (8), with = 1 (linear mixing rule) and = 2 (quadratic mixing rule), was tted to the data.
In addition, an improved t to the data was obtained by optimizing the choice of in eqs. (8, 10) . From this model, one obtains additionally direct experimental estimates of the weighted kernel functions < F 1= > w LM ( ; t) and < F 1= > w HM ( ; t). They can be compared with the corresponding values of eq. (9) for various choices of F(t; M) (e.g. one of the kernels known from literature), and the w(M) (e.g. obtained by SEC measurement). In this way, one can assess the extent to which various models to date explain the measured data.
IV. INVESTIGATION OF THE EXPONENT A. Conventional Exponents
From the relaxation time spectra, the normalized relaxation moduli G(t)=G 0 N were calculated by direct integration. In Fig. 4 the relaxation moduli of the rst mixture series are shown. It can be seen, that the relaxation moduli G(t) of the monodisperse sample PS60 (see dotted line in Fig. 4 ) have a shoulder at approximately 1 s caused by an additional high molecular weight part. This part can also be seen in the SEC curve (see Fig. 1 ).
In order to determine the time region t min ; t max ] in which a reliable investigation of the relaxation moduli is possible, the following points must be considered: First, the lower bound t min of this time region is that time, for which all relaxation moduli merge into one curve. For smaller times, there exists no dependence on the molecular weight so that these times possess no information about the MWD. The time t min was determined to be 10 ?2 s and is indicated in Fig. 4 by the left dashed line. The upper bound t max depends on the error of the measured data. Since one can not measure dynamic moduli below 1 Pa with our equipment, the determined values of the normalized relaxation modulus which are below 1P a=G 0 N 10 ?4 are only extrapolated values (see horizontal line in Fig. 4 ). The errors in these extrapolated values increase for very long times. This can be seen in Fig. 4 in which two relaxation moduli nearly cross each other. This occurs because of the increasing of the extrapolation errors. It is reasonable to conclude, that the largest time for which no such crossings occur is the largest time for a reasonable investigation and is therefore set identical to t max . The time t max was determined to be 10 3 s and is indicated by the right dashed line in Fig. 4 . These considerations lead to a time range to which all the following investigations were restricted: t t min ; t max ]; with t min = 10 ?2 s and t max = 10 3 s:
It should be noted, that no such crossing occurs for the third mixture series (P S60=PS643) in the time range of eq. (11). Nevertheless, 10 3 s is large enough since the upper bound t max needs only to be larger than the terminal relaxation time 0 . For PS643, 0 is 126 s (see Fig. 3 and eq. (6) 
One is now in a position to investigate the dependence of the relaxation modulus G(t) on x. The model of eq. (8) 
12 with respect to the values of < F 1= > w LM ( ; t i ) and < F 1= > w HM ( ; t i ). In eq. (13), the x j (j = 1; : : : ; L) denote the di erent mixtures tested, the j s are the relative measurement errors and y (x j ; ; t i ) are the measured values of y(x j ; ; t i ). The minimization was performed with = 1 and = 2 for all three mixture series to test the quality of the conventional mixing rules.
For the various choices of t i , the results did not di er greatly. The t with t 0 = 18 s , which is a representative of all others, is shown in Fig. 5 for the rst mixture series. Since, in Fig. 5 , y(x; ; t) versus x for = 1 and = 2 is shown, all data values should lie on a straight line if either the linear or the quadratic mixing rule is able to describe the data. But the gures indicate, that the data do not lie on a straight line.
Together, these ts yield the conclusion that the linear and the quadratic mixing rules do not adequately describe the experimental results.
B. Optimization of the exponent
Since the conventional mixing rules are unable to describe the dependence of the investigated relaxation moduli on the high molecular component, the idea emerges to generate a phenomenological mixing rule, in which the t is optimized with respect to the choices of .
Hereby, was chosen to minimize
in which 2 ( ; t i ) is the minimum value, at each time t i (see eq. (13)). The values t i are the same as in eq. (13) and i is given by ln(t i ) ? ln(t i?1 ). Figure 6 shows the dependence of ( ) on for the three di erent mixture series. The optimal values for these three series are 1 = 3:79 0:20 (for PS60=PS177), 2 = 3:82 0:20 (for PS56=PS250), and 3 = 3:92 0:20 (for PS60=PS643). These three values are compatible with each other, so it can be concluded, that for the investigated polystyrene mixtures the value of is xed.
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The weighted mean value is = 3:84 0:10; (15) which is the best value for PS in the molecular range given by eq. (12). In Fig. 6 , this value is indicated as a dashed line. Now, all investigated data are tted with the optimal value of = 3:84. The values y(x; ; t)j =3:84 for all three mixture series lie on a straight line in contrast to the behavior when was chosen equal to 1 and 2 (see Fig. 5 ). Figure 7 shows one representative example (t 0 = 18 s of the rst mixture series PS60/PS177).
Consequently, the PS data are represented best with a -value of 3:84, very di erent from the -values of the linear and the quadratic mixing rules.
V. ESTIMATION OF THE KERNEL FUNC-TION
A. The conventional kernels
The ve kernel functions F j (t; M) (j = 1; : : : 5) (see eq. (1)), which are typically used in literature, are (see also the article of Wasserman and Graessley (1992) ):
1. The Tuminello-kernel:
2. The Single-Exponential-kernel:
3. The Doi-kernel: F 3 (t; M) = 8 
B. Choice of the optimal kernel function
In order to calculate the MWD from the relaxation modulus, a kernel function must be chosen (see eq. (1)). Since, in literature, ve di erent kernel functions are suggested, we have to decide which one to take.
For this purpose, we introduce a criterion based on the weighted kernel functions < F 1= j > w ( ; t) (see eq. (9)) of the di erent kernels F j (t; M). < F 1= > w ( ; t) can be calulated, if the kernel function F(t; M), the MWD w(M), and the mixing parameter are given. The MWD was taken from the SEC-measurement (see Fig. 1 ), and was chosen to be 1 (linear mixing rule), 2 (quadratic mixing rule), and 3:84 (improved mixing rule). < F 1= j > w ( ; t) are 15 then compared to the values of < F 1= est > w ( ; t) which are estimated directly from the data (see eq. (8) Fig. 8 by ve di erent lines.
In the next step, the di erence d (ln(< F j > w i ; ; t)) d (ln(< F j > w i ); ; t) = ln < F 1= j > w i ( ; t) ? ln < F 1= est > w i ( ; t) (22) between the logarithms of the calculated and the estimated weighted kernel functions is introduced. The smaller this distance the better the kernel function F j (t; M) describes the experimental data for a given pair ( ; t). In order to decide, which kernel function describes best the experimental data for a given mixing parameter , independent of the time, the norm w i (F j ; ) of the distance is calculated:
The norm w i (F j ; ) was calculated for every possible combination of the ve investigated PS samples, the ve kernel functions F j , and the three possible mixing parameters . w i (F j ; ) describes quantitatively to what extent the data are described by the kernel function F j (t; M). In the second column, the norms for the mixing parameter = 1 (linear mixing rule) are listed. The corresponding estimates < F 1= est > w i ( ; t)j =1 as well as the calculated values < F 1= j > w i ( ; t)j =1 of the weighted kernel functions for w 60 and w 177 are shown in Fig. 8a . Table II clearly shows, that a di erence of the norm w i (F j ; )j =1 exists between the low and the high molecular weight polymers.
The norms of the Tuminello kernel and the Des Cloizeaux kernel are large for the low molecular weight polymers (see Table II w LM (F j ; ) in the second column) whereas the norms of the three other kernels in this case are small (see Table II w LM (F j ; ) in the second column). In contrast, the situation is reversed for the high molecular weight polymers (see Table II w HM (F j ; ) in the second column). Consequently, no kernel function known from literature is able to describe the data investigated in this article assuming the linear mixing rule. Nevertheless, for the mixing parameter = 1, we decide to take the kernel function with the smallest norm (F j ; ): the Doi kernel.
In the next step, was chosen equal to 2 (quadratic mixing rule). For w 60 and w 177 , the estimated < F 1= est > w i ( ; t)j =2 and calculated values < F 1= j > w i ( ; t)j =2 are shown in Fig. 8b . The fact, that a di erence between w LM and w HM exists (see Table II third column) is comparable to the situation detected for the linear mixing rule. The smallest value for (20:5) is clearly smaller than the one obtained with = 1 (289). Therefore, for the quadratic mixing rule as well it is not possible to obtain a consistent description with one of the known kernel functions. However, compared to the linear mixing rule the situation is clearly better. The values of the weighted kernel function calculated with the Doi kernel describe the estimates best.
Finally, the optimal value of ( = 3:84) was chosen. For w 60 and w 177 , the results are shown in Fig. 8c , and in the forth column of Table II the values of , w LM , and w HM are listed. In this case there is nearly no di erence between w LM and w HM . For the single exponential kernel, the norm is very small, independent of the molecular weight. The result is, that this kernel function describes very well all estimates made with = 3:84.
In summary, it was shown, that for the conventional mixing rules none of the typically kernel functions presented in literature describe the estimates < F 1= est > w i ( ; t) which are derived from experimental data. The distances between the calculated values of the weighted kernel functions assuming a con-ventional model and the estimates strongly depend on the molecular weight. In contrast, this disadvantage does not exist for the improved mixing rule.
Nevertheless, it is possible to choose an optimal kernel function for each value of . This is the kernel function with the smallest norm (F j ; ). For the conventional mixing rules this is the Doi kernel, and for the improved mixing rule the single-exponential kernel.
VI. COMPARISON OF DIFFERENT MODELS
In Sec. V, we have motivated three versions of the generalized model combining rheological data with the MWD. Wasserman and Graessley (1992) favored a forth version. These four models are special cases of the generalized model given by eq. (1). The rst model was xed with = 1 and the Doi-Kernel. The second model with = 2 and the Doi kernel and the third one with = 3:84 and the single exponential kernel. The forth model favored by Wasserman and Graessley (1992) holds to = 2 and the des-Cloizeaux kernel.
In order to compare these four models we decided to test them in two di erent ways. First, we calculate the dynamic moduli G 0 and G 00 from the MWD obtained by SEC. Then, the calculated and the measured moduli are compared. Second, we solve the inverse problem and estimate the MWD from the measured dynamic moduli. This problem must be solved with a special technique serving numerical stability: a regularization method. Then, the calculated MWD is compared with the MWD obtained by SEC.
A. Comparison with the direct problem: Calculation of the Dynamic Moduli from the MWD In this part, the relaxation moduli G(t) are calculated for the four di erent models directly from eq. (1). These relaxation moduli are converted into the corresponding dynamic moduli via the relaxation time spectra. Then, the calculated dynamic moduli are compared with the measured ones.
As a representative example, the dynamic moduli of 20% PS60 and 80% PS177 are shown in Fig. 9 (solid lines) . The dynamic moduli calculated with the rst model ( = 1 and Doi kernel) are shown in Fig. 9a (dashed lines) . The dashed lines of Fig. 9b show the calculated dynamic moduli of the second model ( = 2 and Doi kernel) and the chain dashed lines show the dynamic moduli of the forth model ( = 2 and Des Cloizeaux kernel). In Fig. 9c the calculated dynamic moduli of the third model, the generalized model with = 3:84 and the single exponential kernel are shown (dashed lines).
This comparison clearly demonstrates, that the rst, the second, and the forth model are not able to describe the measured dynamic moduli in a quantitative correct way. In contrast to this result, the third model, which is the improved one, is able to describe the experimental data. It further shows, that for the investigated PS samples and for = 2 the Doi kernel describes the experimental data better than the Des Cloizeaux kernel. This was a result of Sec. V and is herewith con rmed.
B. Comparison with the inverse problem: Determination of the MWD from the Dynamic Moduli
In order to determine the MWD w(M) from the relaxation modulus G(t) eq. (1) has to be inverted. This inversion problem is ill-posed (for a de nition of ill-posed problems see Morozov (1984) ), so that a regularization method has to be used. In this article, the Tikhonov regularization is applied, in which the value the sum. For a good estimation of w an optimal value of has to be chosen. In this article is selected on the basis of the SC-method introduced by Honerkamp and Weese (1990) .
The MWD w(M) is determined with this regularization procedure for the four models investigated in Sec. VI A. One representative result for the rst model ( = 1 and Doi kernel) is shown in Fig. 10a . In this gure the experimental data of the SEC measurement for 20% PS60 and 80% PS177 (solid line) are shown as well as the estimated result with the regularization procedure (error bars). Both peaks obtained by the SEC measurement were reconstructed only poorly.
The result for the second model ( = 2 and Doi kernel) obtained by the regularization procedure is shown in Fig. 10b . The estimation of the MWD with this model is better than the estimation with the rst model. This result was expected since the norm for the rst model is larger than that for the second model (see Table II ).
In Fig. 10c the result for the model with = 2 and the des-Cloizeaux kernel is shown. No peak is reconstructed. Obviously in this case, the mixing parameter and the kernel function are not optimally chosen.
In the third model, representing the improved model, was xed to 3:84 and the single exponential kernel was chosen. Figure 10d shows the estimated MWD in comparison to the MWD obtained by SEC (solid line). Both peaks are very well reconstructed resulting from an optimal mixing parameter with a corresponding optimal kernel function F(t; M).
VII. CONCLUSIONS
In this article the relationship between rheological data and the molecular weight distribution (MWD) was investigated. Up to now this relationship is typically described with the linear or the quadratic mixing rule. It was shown for the investigated PS samples, that the conventional mixing rules are not able to describe the rheological data well.
For that reason, a new phenomenological mixing rule described with a mixing parameter was introduced. This parameter includes the linear mixing rule ( = 1) and the quadratic mixing rule ( = 2). The new mixing parameter was obtained by tting the experimental data of the PS samples to the components of the molecular weights. We found an optimal value of equal to 3:84 0:10.
Furthermore, for the rst time, the kernel function, weighted with the MWD, was directly estimated from experimental data. These estimates are compared to the corresponding expressions of the kernel functions given in literature. We found that for the conventional mixing rules no kernel function is able to describe the experimental data well. Either they describe the low molecular weight part or the high molecular weight part well, but no kernel function was able to describe both parts. The improved mixing rule ( = 3:84 0:10) does not have this disadvantage. The result is, that only with the combination of the optimally chosen mixing parameter and the optimal kernel function it is possible to describe the experimental data.
Comparison of the MWD obtained by SEC to the MWD estimated with the di erent models shows, that the investigated PS samples are much better reconstructed with the improved model than with the conventional ones.
It is also possible to apply the procedure described in this article to dynamic moduli G 0 and G 00 . Such a method has the advantage, that the conversion of the dynamic moduli to the relaxation modulus is not necessary anymore. This will be done in future. Furthermore, we will check the validity of this generalized model for other polymers. 
